A simulator is described for rinsing processes carried out on open-width washing machines. In combination with a theoretical model, a simple method is given for testing rinsing processes. The method has been used to investigate the extraction of caustic soda from a cotton fabric, varying the temperature, fabric velocity and type of fabric. The results were verified by measurements in a commercial open-width washing machine.
K,
overall process description can be used, all rinsing processes differ in detail on points such as temperature, fabric open-width washing machine. Moreover operation and optimisation of the different variables are different for each rinsing process, so that a suitable method for defining the rinsing process is desirable. We present here details of a simulator comprising one compartment of an open-width washing machine that enables the rinsing process to be quantified. In cornbination with the so-called E-NTU model [I1 it is possible to predict the efficiency of the washing process.
The simulator for the open-width washing machine has
The overall mass-transfer coefficient (K) can be written in terms of the relevant partial maSS-tranSfer Coefficients (Eqn 5):
where is the distribution coefficient between the fibre and the water phase, K , is the partial mass-transfer coefficient in the water phase.
The solution of the Eqns and with respect to the boundary conditions (Eqns3 and 4) may be written as Eqn 6: -1 velocity, rinsing ratio and length and geometry Of the cient in the fibre and K, is the partial mass-transfer coeffi- The rinsing process is simulated using a very large rinsing ratio (F+m). This simplifies Eqn 6 of the E-NTU model to Eqn 7:
Actual open-width washing machines with a finite rinsing ratio can be described by Eqn 6 using this experimental N T U value.
SIMULATION EXPERIMENTS: EXTRACTION OF CAUSTIC SODA Simulation experiments were carried out on the extraction of caustic soda after mercerisation. The extraction has been studied as a function of several process parameters such as fabric velocity, temperature, type of fabric and number of revolutions. All fabrics were impregnated in a 220 g/l solution of caustic soda.
Mass Transfer as a Function of Temperature and Fabric Velocity The rinsing process was studied at fabric velocities from 10 to 100 m/min and temperatures in the range 20 to 80°C. The rinsing curve becomes linear after a certain period. The non-linear part at the start of the curve is due to nonstationary mass transfer as well as to deswelling effects of the fabric (see Figures 6 and 7) . 
MECHANISM OF MASS TRANSFER
Because of the strong affinity between caustic soda and cotton, the fabric absorbs a large quantity of caustic soda during mercerisation. In the rinsing process the caustic soda must be transported from the intrafibre voids to the bath liquor. In this study we have tried to analyse and quantify this mechanism of transport.
The can be separated into two sections: section 1 is the part above the bath liquor and section 2 is the part in the wash water (see Figure 9) . In section 1 an exchange of caustic soda between the entrained film and the fabric takes place. Caustic soda is transported by diffusion from the fibres to the entrained film. In section 2 the entrained film will be removed by fresh wash water supplied by convective transport. The overall resistance to mass transfer, which can be represented by an overall mass-transfer coefficient, is the sum of a series of partial mass-transfer resistances (Figure 10 ). Resistance of Entrained Film The resistance in the entrained film is determined firstly by diffusion in the film during the exchange period and secondly by removal of the film in a compartment by bath liquor. This process can be described in terms of the socalled penetration theory. The mass-transfer coefficient (KJ is proportional to the square root of the diffusion coefficient D divided by the time of revolution t (Eqn 13):
The time of revolution is the ratio of fabric length per compartment to fabric velocity (Eqn 14):
Distribution Coefficient In extraction processes cotton exhibits a typical sorption behaviour. The distribution coefficient ( m ) differs for adsorption and desorption processes, and is dependent on the concentration. Vieweg [5] , and Chedin and Marsaudon [6] have quoted adsorption distribution coefficients of 0.7-0.8 (mol/g/mol/g) at 20°C. In our work a hysteresis in the adsorption-desorption distribution coefficients was noticed. The desorption distribution coefficient falls from about 2 (mol/g/mol/g) at 20°C to 1 at 85°C L71. The relationship in Eqn 15 gives a satisfactory result in describing the extraction of caustic soda from a fabric:
The curves given in Figure 7 represent the situation described by Eqn 15.
In Figure 11 the desorption distribution coefficients a t 40°C and 60°C respectively have been calculated according to Eqn 15 by interpolation between the values at 20 and
85°C.
r---l Fabric and liquor samples were taken from every compartment, and were analysed for hydroxide, bicarbonate and carbonate ions. The total quantity of base in the fabric and bath is given in Figure 12 . From the experiments it can be concluded that the open-width washing process can be separated into two sections, as follows. 1 . Extraction section, taking place in the first two vessels, where the caustic soda is extracted as expected. The results are in good agreement with the simulator results. 2. Acidification section, taking place in the last vessel, where the caustic soda is no longer extracted but converted to carbonate by carbon dioxide absorbed by and present in the wash water (Scheme 1). The pH of the fabric decreases very fast in this part of the washing machine.
CO2+20H-+OH-+ HCO;-+CO:-+ H20

Scheme 1
In the first section 99% of the caustic soda is extracted (pH decreases from 14 to 12) and in the second section the remaining caustic soda is converted to carbonate (pH decreasesfrom 12 to 9) (see Figure 13) . In common practice the purified fabric is only tested at a required pH of approximately 9. Therefore the acidification section i s an essential part of the rinsing process to reach a low pH value. 
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